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Abstract: Seventy soil samples were collected from 25 different plant varieties grown in fields in Aydın province.
Arbuscular mycorrhizal fungi (AMF) were found in 59 soil samples; 58 of these were identified as Glomus sp. and 1 as
Gigaspora sp. Due to its adaptation characteristics, growth rates, and colonization properties, Glomus sp. was selected for
further study. The effects of Glomus sp. and BioOrganics (Glomus aggregatum, G. clarum, G. deserticola, G. intraradices,
G. monosporus, G. mosseae, Gigaspora margarita, and Paraglomus brasilianum) on tomato, pepper, and cucumber plant
development were evaluated. The indigenous Glomus sp. showed positive effects on cucumber and tomato plant growth,
but there was no significant difference in pepper plant growth when compared with the BioOrganics treatments. Glomus
sp. colonization rates on roots of plants were 71% in cucumber, 72% in tomato, and 61% in pepper, and BioOrganics
colonization rates were 47% in cucumber, 39% in tomato, and 36% in peppers.
Key words: Glomus sp., tomato, cucumber, pepper

Aydın İli tarım alanlarından elde edilen Glomus sp. ile mikorizal bir preparatın
bazı sebzelerin gelişimine etkisi
Özet: Bu çalışmada Aydın İli ve ilçelerinden, 25 farklı bitki türünün yetiştirildiği alanlardan toplam 70 toprak örneği
alınmıştır. Bu toprak örneklerinin 59’unda mikorizal fungus saptanmış ve bunların 58’i Glomus sp. ve biri de Gigaspora
sp. olarak tanılanmıştır. Uyum yetenekleri, gelişme hızları ve kolonizasyon durumları gibi özellikleri dikkate alınarak
seçilen yerel Glomus sp. ve BioOrganics (Glomus aggregatum, G. clarum, G. deserticola, G. intraradices, G. monosporus,
G. mosseae, Gigaspora margarita, ve Paraglomus brasilianum) adlı mikorizal preparatın domates, biber ve hıyar fide çıkışı
ve gelişimi ile bitki gelişimine etkileri değerlendirilmiştir. Bitki gelişimi açısından uygulamalar değerlendirildiğinde,
Glomus sp. uygulaması domates ve hıyar bitkilerinin gelişimlerini olumlu yönde etkilemiştir, ancak BioOrganics
karşılaştırıldığında biber bitkilerinin gelişimi açısından ise uygulamalar arasında herhangi bir fark bulunmamıştır. Bitkiler
mikoriza kök kolonizasyonu açısından değerlendirildiğinde Glomus sp.’nün kök kolonizasyon oranı hıyarda % 71 iken,
domateste % 72, Biberde ise % 61, BioOranics uygulamasında ise hıyarda % 47, domateste % 39 ve biberde ise % 36
olmuştur.
Anahtar sözcükler: Glomus sp., domates, hıyar, biber
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Introduction
Mycorrhizal fungi are present in most soils, and
90% of higher plants coexist with mycorrhizae. Some
plants cannot maintain normal progress without an
appropriate mycorrhizal partner (1,2). Mycorrhizae
are probably the most widespread terrestrial
symbiotic agents. This symbiosis is formed between
obligate biotrophic fungi of the phylum
Glomeromycota and 4 orders, 7 families, and 8 genera
of arbuscular mycorrhizal fungi (AMF) (3).
Mycorrhizal plants have many advantages over
nonmycorrhizal plants. Mycorrhizae gather essential
minerals from the soil and transfer them to growing
plants (4), which tend to be more drought resistant,
possibly due to increased rooting and root length and
depth (4). Plants inoculated with mycorrhizae were
reported to grow better. Higher growth rates were
observed in eggplant, melon, sunflower seeds, and
tobacco plants inoculated with mycorrhizae (5). In
another study, mycorrhization led to increases of 12%
to 47% of some physiological growth parameters, such
as P content of leaves, leaf dry weight and chlorophyll
concentrations (chlorophyll a, b, and a + b), and
reducing sugars (fructose, glucose, and saccharose) in
mycorrhizal (M) and nonmycorrhizal (NM) pepper
plants. The contents of chlorophyll b increased in M
plants by 12% as compared with the NM plants. The
amounts of sugar derivatives, sucrose, reducing sugars
(fructose, a glucose, and b glucose), and total sugar
increased in M plants by 34%, 47%, 43%, 39%, and
18%, respectively. Additionally, due to interactions
with mycorrhizae, the P content of plants also
increased, reflecting itself in terms of better
physiological performance (6). In a greenhouse study
on cucumbers, inoculation of sterilized and
nonsterilized soil with Glomus mosseae and Glomus
fasciculatum (10 g inoculum/plant) significantly
increased the fresh and dry weight of the leaf, shoot
and root biomass, and leaf area index compared with
nonmycorrhizal plants (7). Nowadays, attempts to use
mycorrhizal fungi in organic agriculture are
increasing in spite of some agricultural practices such
as pesticides, fertilizer usage, and tillage, which cause
a negative impact on the AMF association. Such
treatments
leave
soils
AMF-impoverished,
particularly of numbers of species. Therefore, it was
suggested to consider mycorrhizal abundance when
deciding on agricultural practices (8). In a greenhouse
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pot trial study, the effect of continuous organic
farming on the arbuscular mycorrhizal fungi of winter
wheat (Triticum aestivum) was investigated; the
mycorrhizal colonization and root length density of
mycorrhizal plants increased. However, it was noted
that a period of approximately 15 years from
conventional to organic farming is needed to establish
a stable population of AMF (9).
There have been increasing demands for
nonchemical methods of plant disease control, both
from consumers and farmers. Extensive use of
pesticides poses a risk for pollution of the
environment and food supplies, with sometimes well
known, sometimes poorly understood consequences
(8,10,11).
Both plant and soil characteristics can be changed
by agricultural practices, and both impact the
effectiveness of the indigenous AMF. Therefore, it is
very important to identify endophyte types and their
proper use. In a study toward the identification of
mycorrhizal fungi types that increase corn growth,
isolates obtained from various locations were found
to display different adaptation ability and
performance. Therefore, vegetation and soil type have
to be taken into account along with selection of the
most adaptable vesicular-arbuscular mycorrhizal
(VAM) species (12).
In this study we isolated endophyte arbuscular
mycorrhizae varieties and evaluated isolates’
adaptation character, growth rates, and colonization
potential. Selected isolate was used in trials to
determine the impact of AMF on plant growth.
Materials and methods
The indigenous isolate, selected based on its
adaptation and root colonization potential, was
Glomus sp. The commercial preparation used was
BioOrganics Root Dip Inoculant (BRDI), containing
Glomus aggregatum, G. clarum, G. deserticola, G.
intraradices, G. monosporus, G. mosseae, Gigaspora
margarita,
and
Paraglomus
brasilianum)
(BioOrganics, Inc.). Corn (Zea mays) was used as a
trap plant to isolate and propagate mycorrhizae
species (13). To determine the effect of Glomus sp. and
BRDI, tomato, pepper, and cucumber plants were
used.
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Soil sampling and mycorrhizae isolation
The study was carried out in the Department of
Plant Protection of the Faculty of Agriculture of
Adnan Menderes University. To investigate the
occurrence of AMF, sampling sites were chosen from
a broad range of fields in Aydın province. Soil samples
(2 kg each) were collected from fields in the vicinity of
local towns (Kuyucak, Nazilli, Buharkent, Karacasu,
Bozdoğan, Didim, Koçarlı, Karpuzlu, Yenipazar,
Germencik, Söke, Çine, and Sultanhisar) in Aydın.
Soil samples were taken from a depth of 5-20 cm and
were subsequently dried in the laboratory and sieved
(2 mm openings). Soil samples were stored under
ambient conditions until their utilization.
The first step in this study was to obtain an isolate
that was both infective (able to penetrate and spread in
the root) and effective (able to enhance plant growth).
For this purpose, one set of trap pot cultures was
established by mixing field-collected soils with
autoclaved (under steam pressure at 121 °C for 60 min)
field soil-grade sand (1:2, v/v). This mixture was placed
in 15 cm plastic pots (1250 cm3) and seeded with corn.
A control consisted of corn seed planted in autoclaved
field soil and sand (2:1) to check for possible
contamination (14). Corn seeds were surface sterilized
in prochloraz (EC 450 g/L) solution for 30 min (15).
Plants were grown in a room at 24 °C with a 12 h
photoperiod and were regularly watered with
deionized water. In addition, once a week, the pots
were supplied with 100 mL of a nutrient solution
containing 720 mg/L of MgSO4.7H2O, 12.2 of KH2PO4,
295 of Ca(NO3)2.4H2O, 240 of KNO3, 0.75 of
MnCl2.4H2O, 0.75 of KI, 0.75 of ZnSO4.7H2O, 1.5 of
H3BO3, 0.001 of CuSO4.5H2O, 4.3 of FeNaEDTA, and
0.00017 of Na2MoO4.2H2O. Pot cultures were harvested
after 10 weeks and roots were investigated for
mycorrhizal colonization (16). If mycorrhizae were
present, plant tops were removed and the root was
chopped into small fragments and mixed with the soil;
the pot was reseeded with corn seed, which was grown
for another 10 weeks. If mycorrhizae were absent, the
trial was repeated, and if results did not change, these
soil samples were discarded. This procedure was
repeated 4 times with mycorrhizal soil samples to
determine the density of mycorrhizae and assess
whether spores increased with a second, third, and
even fourth pot culture cycle. Afterwards, several

monospecific isolates were obtained, which maintained
vitality through continuous cycles. Following this
procedure, one isolate was selected, which was both
infective and effective, to be tested in root colonization
and plant growth studies. Selected pot cultures were
dried for 7 to 14 days. The pot contents were placed in
plastic bags and stored at 4 °C to be used in trials (5).
Selection of mycorrhizae
At the end of the each cycle, plants were harvested
10 weeks after seed sowing. Plant roots, for the
quantification of symbiotically representative
segments of the root system, were cleaned for 45 min
in a 10% KOH solution (w/v) at 90 °C. Roots were
washed in 0.1 N HCl and then stained with
lactophenol blue solution for 1 h (17) to determine
mycorrhizae existence. The grid-line intersect method
was used to determine the percentage of AMF
colonization on stained roots (18).
Mycorrhizal fungi were identified based on the
methods of Trappe (19), considering microscopic
properties such as the presence and nature of spores,
arbuscules, and vesicles, as well as spores borne within
or laterally from the hypha of the sporiferous saccule
formation. As described above, Glomus sp. was
selected and used to evaluate the effect of plant
growth parameters in tomato, pepper, and cucumber.
Effectiveness of Glomus sp. and BRDI
Plant responsiveness and colonization rates were
compared for Glomus sp. and BRDI, taking into
consideration growth parameters such as plant height
and fresh and dry plant weight after 8-10 weeks of
growth. The mycorrhizal fungus Glomus sp. was
produced in a soil and sand mixture (1:1, v/v) using
corn (Zea mays) as the host plant, as described above.
Glomus sp. inoculum, consisting of spores, external
mycelium, and AMF colonized roots, was added to
the growth medium in which the seeds were to be
sown. The same amount of sterilized medium was
placed in the control pots (6). BRDI treatment was
carried out by dipping seedlings into a solution
prepared with 42 cc of BRDI in 1 L of deionized water.
Tomato (cv. Super Marmende), pepper (cv. Çorbacı),
and cucumber (cv. Beith Alpha) seedlings were grown
in a sterile mixture of soil and sand (1:1, v/v); before
the transplanting, seedlings were dipped into the
BRDI and then planted in sterile soil.
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Tomato, pepper, and cucumber seeds and
seedlings were surface sterilized in a 2% NaOCl
solution for 5 min and then washed twice with
deionized water before being sown into the growth
medium. Trials were designed with a completely
randomized parcel procedure to have 5 replicates and
3 plants (each plant was in a separate pot) per
replicate. Control pots were filled with sterilized river
sand instead of inoculations. Trials were carried out
in climate controlled rooms at 24 °C, with 14 h of
light, 10 h of dark, and 60% relative humidity
conditions, for 8-10 weeks. The percentage of
mycorrhizal colonization was estimated by the gridline intersect method (18).
Plant height and fresh and dry weights were also
quantified to determine the effects of AMF and BRDI.
Fresh weights were determined after plants were
removed and their roots were cleaned. To determine
their dry weights, these plants were then put into
paper bags and dried at 65 °C in an air oven until they
reached a constant weight (20).
Results and discussion
Isolation of mycorrhizae species
Plants tested in the mycorrhizal fungi species
selection process were evaluated for root development
and mycorrhizal colonization (21). The total number
of plant species grown on the fields sampled was 25,
including vegetables, crops, and fruit trees (tobacco,
common vetch, watermelon, broad bean, eggplant,
peach, sunflower, orange, cotton, corn, grass, wheat,
pepper, clover, barley, olive, okra, chestnut, apricot,
pomegranate, fig, artichoke, oat, tomato, and vine).
Out of 70 soil samples, 59 samples, or 84% of the total,
were found to have mycorrhizae. Of these, 58 were
identified as Glomus sp. and 1 as Gigaspora sp. A
previous study conducted around İzmir and Van
provinces reported the presence of mycorrhizae
belonging to Glomus sp. in 30 samples out of 61 soil
samples (5). Arbuscular mycorrhizal fungi were found
to be present in almost all samples in this study. This
shows that AMF and their symbiosis with plants are
widely spread in arable fields in Aydın.
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Effects of Glomus sp. and BRDI on plant growth
Glomus sp. was very effective on tomato and
cucumber plant heights and fresh and dry weights. No
statistical effects of Glomus sp. or BRDI were observed
in pepper, although it should be noted that there were
widespread mycorrhizal partnerships for pepper.
When plants were evaluated for root colonization,
similar trends were observed. Sensoy et al. (22) also
reported that a great variation in mycorrhizal
colonization dependency was observed among the
pepper genotypes, with the N52 genotype showing the
highest relative mycorrhizal dependency and the
Karaisalı genotype the lowest. Relative mycorrhizal
dependency and dry weights of pepper genotypes
were inversely correlated.
Root colonization of Glomus sp. was higher than
of BRDI. The values for BRDI were 47% for
cucumber, 39% for tomato, and 36% for pepper. Even
though significant colonization was observed in
pepper roots, this did not correlate to the plant
development (Table). The controls without
mycorrhizae, grown in sterile soil, showed weak plant
development for cucumber and tomato. In a study to
determine the colonization of arbuscular mycorrhizal
fungus (Glomus intraradices) on the root systems of
tomato, pepper, eggplant, cucumber, cabbage, onion,
garlic, leek, parsley, and bean, the highest colonization
rate was found in the family Liliaceae, and particularly
in the leek plant, at 53.9% and 66.0%, respectively
(23). Akköprü and Demir (24) reported that G.
intraradices inoculation improved tomato plant
development and prevented Fusarium oxysporum f.
sp. lycopersici colonization.
When plant height was considered, Glomus sp.
treatment provided higher values for cucumber.
When plant dry weights were compared, Glomus sp.
and BDRI gave similar results in pepper, whereas
Glomus sp. yielded higher and statistically significant
results in tomato and cucumber (Table). Beneficial
effects of using local isolates were also shown in a
greenhouse study on cucumber (7). Specifically,
cucumber plants inoculated with G. mosseae and G.
fasciculatum had higher leaf, body, and fresh and dry
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Table. Effects of Glomus sp. and BRDI on cucumber, pepper, and tomato plant development.

2.0 a

61 a

26.5 a

11.7 a

Colonization (%)

9.8 a

Dry Weight (g)

Fresh Weight (g)

13.8 a

Plant Height (cm)

71 a

Colonization (%)

Plant Height (cm)

1.8 a

Dry Weight (g)

Colonization (%)

6.8 a

Tomato

Fresh Weight (g)

Dry Weight (g)

Glomus sp. 19.1 a*

Pepper

Fresh Weight (g)

Plant Height (cm)

Cucumber

2.7 a

72 a

BRDI

15.1 b

5.1 b

1.4 b

47 b

14.7 a

9.2 a

1.9 a

36 b

23.1 ab

6.0 b

1.0 c

39 b

Control

14.5 b

5.2 ab

1.4 b

0

13.2 a

9.3 a

1.9 a

0

19.1 b

8.6 ab

1.8 b

0

*Within columns, values followed by a common letter do not differ significantly at P = 0.05 according to Fisher’s protected least significant
difference test.

root weights and leaf area values compared with
noninoculated controls. As noted above, we did not
see differences in pepper between the treated and
nontreated controls, in contrast to the beneficial
effects of G. intraradices on peppers (Capsicum
annuum L. cv. ‘Cetinel’) obtained before (6). This
indicates that it is not reasonable to expect that a given
mycorrhiza type will give a similar effect on every
plant to which it is applied. For example, Declerck et
al. (25) reported that G. proliferum inoculation of
bananas gave better plant development results
compared with G. intraradices and G. versiforme. Such
results highlight the need to study and understand the
effect of indigenous mycorrhizae (Glomus sp.) to
enhance their beneficial effects.
AMF present valuable opportunities for current
agricultural practice and their utilization in soils is
indispensable for sustainable agriculture (8,11,22).
Low-input systems such as organic farming are
generally more favorable to AMF, as they have a
potential to partially substitute chemical fertilizers
and pesticides, products not allowed in organic
systems. However, the available evidence suggests that
despite the use of generally favorable management,
organic agroecosystems do not always have great
influence on diverse and/or efficient AMF
communities (8). At this stage, it is very important to
determine the naturally occurring native AMF in a

given location and select the ones that are actively
working in partnership with plants. These should be
propagated and applied to soil for higher
performance. Furthermore, practices that will
increase their efficacy should be developed and
adapted. In this study, we found the presence of
mycorrhizae in 84% of soil samples. This is taken as
an indication of the widespread existence of
mycorrhizae in Aydın province. As a result, we believe
that our finding will spark further interest in
understanding the relationship between indigenous
mycorrhizal fungi and regionally important culture
plants. More detailed studies are required to
understand the beneficial effects of mycorrhizae on
soil-borne fungi in regionally important culture
plants.
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